sociated with pituitary dysfunction and visual problems attributable to the distension of the pituitary gland, hypothalamus, and optic pathway within the sac. 17 The lesions are not externally visible; thus the age at clinical diagnosis is largely determined by the size of the encephalocele, related anomalies, and presence or absence of respiratory difficulties. 15, 18 Signs and symptoms include upper airway obstruction, snoring, pulsatile mass, endocrine abnormalities, recurrent meningitis, CSF rhinorrhea, or purulent discharge in the nasopharynx. 1, 20, 21 The surgical treatment of transsphenoidal encephaloceles remains a challenge because of the involvement of opticochiasmatic structures, the hypothalamopituitary axis, and the proximity to the anterior and middle fossa vessels. 9 The common approaches to repair these malformations are transcranial, endoscopic endonasal, and transpalatal. 21 The method of treatment varies according to the experience of the surgical team involved, and an ideal approach has yet to be validated. 2 We report our experience with a series of 3 cases of congenital transsphenoidal encephaloceles that were successfully managed using an endonasal endoscopic approach. We describe the technical nuances involved in managing the encephaloceles and reconstructing the cranial base defect.
Case Reports Case 1
An 18-month-old girl presenting with nasal airway obstruction was initially referred to the hospital for a cleft lip repair. Preoperative clinical examination revealed a cleft lip as well as hypertelorism. Preoperative MRI studies showed a midline nasopharyngeal encephalocele of the structures around the third ventricle and hypothalamic area. The encephalocele extended from the suprasellar space through the defect in the sphenoid bone into nasopharyngeal, nasal, and oropharyngeal cavities (Fig.  1A-C) . The other MRI finding was of corpus callosum agenesis. The CT scans showed the large skull base defect (Fig. 1D) . Preoperative endocrinological and ophthalmological findings were considered to be normal.
The patient underwent an endoscopic endonasal approach for repair of the encephalocele sac and bony defect as described below. She recovered extremely well after the surgery; she was on an oral diet on the 2nd postoperative day, and was discharged on Day 7 after the removal of nasal compressive packing and the postoperative CT scan (Fig. 1E) . The patient had an uneventful recovery after her hospital discharge, and had no further respiratory distress, CSF leak, or endocrinological changes. The outpatient endoscopic follow-up at 1 month showed good healing of the mucosa and no CSF leak. Postoperative MRI studies at 3, 12, and 24 months demonstrated no evidence of recurrence of the encephalocele sac (Fig. 1F) .
Case 2
A 24-month-old boy presenting with failure to thrive, cleft lip, nasal obstruction, polydipsia, and polyuria was referred to the hospital for the treatment of nasal airway obstruction and cleft lip. The preoperative MRI and CT scans revealed agenesis of the corpus callosum, and a transsellar, transsphenoidal meningoencephalocele that protruded through a large skull base defect in the middle of the sphenoid bone ( Fig. 2A-C) . The patient underwent surgical correction of the encephalocele via an endoscopic endonasal approach. The postoperative course was uneventful and the patient began an oral diet on postoperative Day 1. Postoperative CT scanning ( Fig. 2D and E) was performed and the patient was discharged on postoperative Day 7. Six months later he underwent the repair of his cleft lip. An MRI study was obtained at his 6-month follow-up (Fig. 2F) . At his 1-year follow-up the patient had regained the normal weight for his age, and had no CSF leak or any other complications.
Case 3
An 8-month-old girl on mechanical ventilation was transferred to the hospital after an acute episode of pneumonia and upper airway obstruction. The MRI studies and bone window CT scan revealed a transsphenoidal meningoencephalocele herniating through the floor of the sella turcica and sphenoid sinus ( Fig. 3A-C) , as well as agenesis of the corpus callosum. Pituitary hormonal secretion test results were within normal range. Surgical repair and reconstruction was performed via an endoscopic endonasal approach as described below. Postoperatively, the patient had a transient episode of diabetes insipidus that was clinically treated. She also developed pneumonia for which she had to remain on mechanical ventilation for 7 days. She was discharged from the hospital after undergoing her pneumonia treatment for 2 weeks. A CT scan was performed prior to patient discharge ( Fig. 3D and E) , and an MRI study was performed at 6 months' (Fig. 3F) follow-up, showing complete resolution of the meningoencephalocele.
Surgical Technique
The endoscopic endonasal approach with neuronavigation was used for all 3 patients. After induction of general anesthesia, the patient was placed supine with the head positioned on a horseshoe headholder in slight extension. After preparing the surgical field with a nonalcoholic antiseptic solution and giving prophylactic intravenous antibiotics (cefazoline 12.5 mg/kg before starting surgery and repeated every 3 hours), the nasal passages were prepared with a solution of 1:100,000 epinephrine and 1% lidocaine. Rigid-rod endoscopes, with lenses 4 mm in diameter, were mounted on a digital video camera system (Karl Storz, Inc.).
We first assessed the extent of the nasopharyngeal mass by advancing the 0° endoscope into the nasal cavity. The mass was adherent anteriorly to the posterior septum and superoposteriorly to the roof of the nasopharynx. The bilateral middle and inferior turbinates and soft palate were preserved. We applied a surgical technique consisting of 6 steps in all 3 cases (Video 1), as follows. 
Septal Flap Preparation
A standard Hadad-Bassagasteguy nasoseptal flap (NSF) was harvested on the right side for reconstruc- tion of the preexisting skull base defect (Fig. 4A) . With the help of monopolar cautery and blunt dissection, the anterior attachment of the encephalocele to the posterior septum was disconnected.
Meningoencephalocele Sac Aspiration
Under neuronavigation guidance, a 23-gauge spinal needle was introduced into the anterior inferior portion of the lesion, away from any critical neurovascular structures (Fig. 4B) , and 30-40 ml of CSF was gradually drained to decompress the meningoencephalocele sac.
Dissection of the Mucosal Layer From the Meningoencephalocele Sac
The nasal mucosa was dissected off the encephalocele sac in an anterior to posterior, and superior to inferior, direction (Fig. 4C) . Gradually, the sac was entirely separated from the surrounding mucosal layer with no overt rupture; pinhole tears in the sac were unavoidable, however. Resection of anomalous herniated brain elements was not performed, except for taking a small biopsy sample from the most posterior-inferior portion of the encephalocele.
Reduction of Herniated Encephalocele Sac
The herniated encephalocele sac was gradually pushed back into normal anatomical alignment to the floor of the cranial base dura mater (Fig. 4D) .
Reconstruction of the Bony Cranial Base Defect
The defect was overlaid by a free fascia lata graft. A small titanium mesh plate (TMP) was affixed to the clivus inferiorly with screws, and was wedged underneath the bony edge anterosuperiorly, reconstructing the skull base (Figs. 4E, 5, and 6) . Last, the area was covered with a standard posterior pedicle NSF.
Reconstruction of Donor NSF Cartilage
The NSF donor site was reconstructed using a free fascia lata graft (Fig. 4F) .
All patients received postoperative parenteral antibiotics for a period of 24 hours, except in the third one, in whom antibiotics were continued for 14 days because of development of pneumonia. Immediate postoperative CT scans were obtained routinely in all patients to evaluate the skull base reconstruction and the positioning of the TMP.
Discussion
Midline craniofacial defects such as cleft palate and cleft lip, hypertelorism, hydrocephalus, and corpus callosum agenesis are often associated with basal encephaloceles (Fig. 5) . Also, the association of morning glory syndrome, characterized by a congenital dysplasia of the optic disc, is common. 20, 21 All 3 cases reported here had corpus callosum agenesis-optic disc anomalies, however, were not detected.
The majority of transsphenoidal meningoencephaloceles are diagnosed during the 1st year of life due to manifestations such as respiratory distress and feeding difficulties caused by airway obstruction, recurrent meningitis, endocrine abnormalities, or associated congenital cranial midline anomalies. 8 In the absence of these, the diagnosis may be delayed into adolescence or adulthood. 9 In our patients, airway obstruction and respiratory distress, cleft lip, failure to thrive, and diabetes insipidus were the main signs and symptom of presentation. Preoperative MRI and CT scans are crucial to assess associated brain abnormalities, and to identify vital structures in the herniated sac such as the pituitary gland, hypothalamus, optic pathways, and vascular anatomy. They are also invaluable for surgical planning and follow-up. 18 Therefore, after a careful analysis of our patients' preoperative imaging, we designed the safest approach to avoid any damage to critical neurovascular structures during surgical management of the encephalocele.
Consensus management of transbasal transsphenoidal encephaloceles, including the indication, timing, and the optimal mode of treatment has yet to be established. Strong indications for surgery include the following: persistent CSF leak, recurrent meningitis, progression of neurological deficits, and respiratory distress. The close relationship of transsphenoidal encephaloceles with the hypothalamus, pituitary gland, and optic pathway poses a surgical challenge, particularly in the pediatric population. Reported surgical approaches for transsphenoidal encephaloceles include transpalatal, transcranial, and endoscopic endonasal or combined approaches. 2, 18 In cases of transsphenoidal encephaloceles in patients with large cleft palate defects, transpalatal approaches are preferred by most authors. However, performing palatal osteotomies and removing the hard palate may be technically challenging and create additional difficulties for the reconstruction of the skull base and closure of the mucosal layer. 8, 10 Furthermore, splitting of the palate can result in delayed palatal wound healing, palatal dehiscence, and prolonged enteral tube feeding due to velopharyngeal insufficiency. 6, 17 The transpalatal route was not our choice because our patients did not have a cleft palate and we intended to minimize the invasiveness of the procedure.
The transcranial subfrontal or pterional approach adds additional technical difficulties to a case of transsphenoidal encephalocele because of the retrochiasmatic location of the encephalocele, as well as the proximity of the pituitary stalk and hypothalamus. Therefore, these approaches are associated with high postoperative rates of morbidity, mortality, and hypothalamic dysfunction. Furthermore, infants are more susceptible to retraction injuries with subfrontal or frontotemporal approaches. 16, 18 The most common surgical strategy for these cases is partial or total excision of the sac. 8, 10, 17, 18 Our technique described above has an important advantage in that there is no need to resect the herniated sac. After CSF drainage through a small-bore needle, we were able to dissect the mucosal layer off of the encephalocele sac and reduce the sac into the intracranial cavity at the skull base. This was achieved in all 3 cases, even when there was severe adherence of the sac to the mucosal layer.
In our series, we did not attempt to reduce the encephalocele sac via use of a lumbar drain. Lumbar drainage has been successfully used by surgeons during pituitary surgery to reduce intracranial pressure and prevent ballooning of the diaphragma into the surgical field. Meningoencephalocele sacs, however, can sometimes develop pseudomembranes, which act as 1-way valves and prevent ingress of CSF back into the intracranial subarachnoid space. In such cases, lumbar drainage may or may not be effective in reducing the encephalocele.
Recently, a combined transnasal/transoral endoscopic approach in a 17-day-old boy 18 has been reported, but generally in children younger than 1 year, only the transpalatal approach has been used. In our series, we demonstrate that a purely endonasal endoscopic approach can be used safely in this age group. The endoscope allowed wide-angled, close-up views with optimal visualization through a narrow surgical corridor. In contrast to some authors who believe that, for complex cases, complete repair is impossible and thus suggest nonradical surgery, 9 we achieved a thorough repair and good cranial base reconstruction via the endonasal route, even without removing the turbinates.
The other unique aspects of our modified technique were the reconstruction of the bony defect with a TMP, the use of a pedicled NSF even in an 8-month-old patient, and the reconstruction of the NSF donor site with a fascia lata graft 22 ( Fig. 6) . Also, intraoperative CSF aspiration, through a safe zone of encephalocele sac by means of a small-bore spinal needle, precludes the necessity of preor intraoperative external ventricular or lumbar drainage.
Treatment of transsphenoidal encephaloceles in the pediatric population has been previously associated with postoperative complications including palatal dehiscence, recurrence of encephalocele, CSF leak, and meningitis. 18 Moreover, death has been described in many reports. 4, 13, 14 Previous reports have shown that the rates of mortality and morbidity or long-term severe disability, mainly through transcranial surgery, approached 50% and 70%, respectively. 5, 12 We encountered no major complications in our series of patients. Our follow-up ranged from 12 to 24 months, and none of the patients had recurrence of the encephaloceles.
Conclusions
The surgical management of transsphenoidal encephaloceles with a descended voluminous sac into the nasooropharynx has been challenging in the pediatric population. We describe a safe technique with favorable initial results. The endoscopic endosnasal approach with no excision of encephalocele sac is a minimally invasive, safe, and feasible alternative, even for children younger than 1 year of age. However, the importance of a dedicated surgical team, consisting of an experienced otolaryngologist and neurosurgeon, is critical for its success.
